As a repository of genetic specificity DNA must perform two functions, the dissemination of information to the surrounding metabolic system and its own selfreplication during growth. At the macromolecular level these two functions possibly proceed by mechanisms that are independent and separate from one another, and as a consequence, they may occur with mutual exclusiveness. Possibly only double-helix DNA can transmit information to the cell and only single-strand DNA is capable of self-replication." 2 The proposition that information dissemination is carried out through DNAdirected synthesis of RNA is strongly supported by experiment (for review, see Prescott3). The most convincing evidence that DNA replication does not involve RNA or RNA synthesis is given by the in vitro deoxyribonucleotide polymerase system.4 Some evidence has been presented, however, that can be interpreted to mean that there may be an intermediate carrier of genetic information between old DNA and the synthesis of new DNA.5. 6 The macronucleus of the ciliate protozoan Euplotes has some unique features in the organization of its replication that make it possible to examine visually by autoradiography relations between RNA, DNA, and protein syntheses during nuclear replication. The macronucleus of this cell has the shape of a long narrow ribbon or rod (approximately 140 ji by 7 ,u) through which two short-bandedstructures, the reorganization bands, pass during the last several hours of interphase. Ordinarily, the two bands originate, one at each end of the nucleus, travel through
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Materials and Methods.-Euplotes culture: Euplotes eurystomus were grown on bacteria (principally Aerobacter aerogenes) and Tetrahymena pyriformis HSM in dilute lettuce infusion at 240C. One interdivision interval lasts about 16 hours under these conditions. Nuclear isolation and autoradiography: Autoradiographs of nuclei labeled with H3 histidine, uridine, or cytidine were only interpretable when the nuclei were first isolated because of background created by radioactive cytoplasm. With H3 thymidine labeling there was little or no background of cytoplasmic radioactivity, but isolated nuclei were necessary for the highest possible autoradiographic resolution. Clean isolation of nuclei was accomplished by pipetting living cells into a mixture of glacial acetic acid, lettuce infusion, and 70 per cent alcohol in the proportions of 5:1:1. In this fixative the cells became very fragile and by gently drawing them in and out of a narrow bore-braking pipette the nuclei could be completely freed of cytoplasm. The isolated nuclei were washed in 70 per cent alcohol, affixed to microscope slides, extracted with trichloracetic acid for 5 minutes at 0C, washed with cold water, and autoradiographed. The autoradiographs were prepared with Kodak NTB2 liquid emulsion and exposure times lasted from 3 to 10 days for H3 thymidine and 10 to 60 days with H3 histidine, cytidine, or uridine labeling.
All of the tritium compounds (Schwarz BioResearch) had specific activities of 1.7 to 1.9 C/mMNI and were added to the culture medium to give final concentrations of 5 to 10 AC/ml. Autoradiographs of nuclei isolated from cells that have been exposed to H3 thymidine for 2 to a min prove that all DNA synthesis takes place in the part of the rear zone that cannot be visibly colored with DNA stains (Fig.  lc, and id) , that is, in its leading portion. When H3 thymidine is available to cells for longer and longer periods, the regions of radioactive DNA extend farther and farther behind the zone of synthesis as also shown by Gall.7 The localization of DNA synthesis in this very short leading portion of the rear zone has been firmly established in autoradiographs of several hundred isolated nuclei labeled for 2 to 60 minutes. DNA synthesis occurred in the only region in which pre-existing DNA was present in a concentration too low to be demonstrable by staining. The presence of DNA in the region of synthesis was demonstrated, however, by tritium labeling in the previous interdivision interval. Cells engaged in DNA synthesis were exposed to H3 thymidine for 30 minutes, washed, and grown in nonradioactive nutrient medium until the next DNA duplication cycle was under way. Nuclei isolated from such cells therefore had bands traveling through chromatin with DNA labeled with tritium during the previous replication. Autoradiographs demonstrated that radioactive DNA was present in the DNA synthesis zone, although the silver grain density was always considerably lower over this zone than over any other region of the nucleus. The amount of labeled DNA on the two sides of the moving band was approximately the same. We conclude from this evidence that DNA is present in the synthesis zone but is too dilute to be demonstrated by the staining methods used. Distribution of RNA and RNA synthesis in the replicating nucleus: Pyronin stains RNA of the Euplotes macronucleus since ribonuclease digestion, which removes all incorporated tritiated uridine, abolishes a measurable amount of dye binding. Some staining is present even after prolonged (10-hrs) digestion with ribonuclease, however. Thus it seems probable that other molecules, perhaps DNA and protein, are stained as well. Pyronin staining is heavy throughout the nucleus except in the reorganization band (Fig. le) . Neither zone of the band binds much stain, suggesting that there is little if any RNA present. The heavier staining in the region through which the bands have already passed (Fig. le) may be simply the consequence of the greater thickness of these regions. The absence of RNA staining in the bands has been confirmed by Dr. R. C. von Borstel in this laboratory with methyl green and pyronin used in combination. The bright green of the band contrasts sharply with the purple staining in the rest of the nucleus.
Two types of autoradiographic studies of H3 uridine and cytidine incorporation into RNA of replicating nuclei have been made. In the first type the cells were incubated in the radioactive medium for 5 to 120 minutes, fixed at the end of incubation, and the nuclei isolated for autoradiography. The experiments with cytidine were of limited value because this substance, although excellent for labeling nuclear RNA, also entered metabolic pathways leading to DNA synthesis. Incorporated HI uridine, however, was completely removed by ribonuclease digestion. Autoradiographs of the nuclei demonstrated that RNA synthesis was continuous in all regions of the nucleus except in the band (Fig. if) . Judging from the autoradiographs, the rate of RNA synthesis per nuclear surface area was about the same in the replicated and unreplicated regions of the nucleus. No incorporated H3 cytidine or uridine was ever detected in the forward zone, but H3 cytidine incorporation was present over the rear zone; this, however, was in DNA because it could be removed from this region by deoxyribonuclease but not by ribonuclease digestion. In uridine experiments no incorporation was demonstrable in either zone. These findings, supported by the pyronin staining results, demonstrate the virtual absence of RNA and of RNA synthesis in either of the zones. Uridine incorporation into RNA was again present in the region just behind the rear zone, showing that RNA synthesis starts again as soon as the reorganization is complete.
In the second type of experiment, cells were exposed to H3 uridine for 30 to 60 minutes, washed free of the labeled compound, and incubated for periods of 1 to 30 hours in nonradioactive, nutrient medium. Radioactivity continued to enter RNA of the nucleus for 2 to 3 hours after the exogenous source of the labeled precursor had been removed. This radioactivity was supplied by precursor pools and radioactive food organisms ingested during the exposure to the radioactive medium. For several hours after washing, the nuclei continued to have radioactive RNA in all regions except the bands. During this period of hours the bands moved appreciable distances through the nucleus.
Five hours after washing the amount of radioactivity in nuclear RNA began to decrease noticeably. In nuclei fixed 5 to 12 hours after the washing, the bands have had time to move a long distance through the nucleus in the absence of any radioactive precursors of RNA. In these nuclei the RNA in the regions through which the bands have moved after exhaustion of labeled precursor was no longer VOL. 47, 1961 BIOCHEMISTRY: PRESCOTT AND KIMBALL 691 labeled (Fig. 1g) . Such nonradioactive regions, however, strained just as darkly with pyronin as regions containing radioactive RN-A. Not all the decrease in radioactivity could be attributed to loss at the band, because even regions remote from the band steadily lost radioactive RNA. In nuclei fixed after 12 hours, the amount of radioactive RNA per nucleus fell rapidly. By 24 hours almost all nuclei had little or no radioactivity. This was not unexpected because a period of 24 hours is more than sufficient time for all cells to complete one full cell generation.
These findings show that all or nearly all nuclear RNA is either destroyed or transferred to the cytoplasm just ahead of the wave of DNA synthesis. In the region of DNA synthesis, no RNA synthesis takes place, but the latter is resumed once the chromatin is reorganized into granular form. After the supply of labeled precursors for new synthesis is exhausted, radioactive RNA still remains for many hours in regions remote from the bands. This means that RNA, although lost abruptly at the leading edge of the forward zone, is retained for longer periods of time in the rest of the nucleus.
Protein staining and labeling: Isolated, replicating nuclei were stained with the general protein stains, mercuric bromphenol blue and fast green at low pH. With both dyes, staining was present throughout the nucleus except in the rear zone of the band, the region of DNA synthesis. The forward zone strained more intensely than the rest, possibly because of changes in availability of the appropriate reactive groups of the protein. In HI histidine labeling studies, radioactivity was incorporated at a very low rate throughout the nucleus but was incorporated at a high rate in the rear zone (Fig. 1h) . The resolution of the autoradiography was not sufficient to distinguish whether the histidine incorporation took place exactly in the region of DNA synthesis or perhaps slightly behind it. But there is no doubt that both of these syntheses are very closely associated while RNA synthesis does not occur in the region. The autoradiographs were not intense enough to indicate whether or not protein synthesis occurs in the intensely staining forward zone; if it does occur, the rate of synthesis must be very low. Pulse experiments of the type carried out with uridine added very little further information.
Discussion.-The evidence from autoradiography, staining, and interference microscopy shows that the replication of the nucleus, and in particular the synthesis of DNA, proceed according to the following series of events. Exactly at the advancing border of the forward zone, there is a marked change in the organization of the chromatin. The discrete and separhte chromatin granules disappear and in the forward zone the chromatin is homogeneously distributed. RNA is formed continuously in the whole macronucleus with the exception of the bands, and all or nearly all of it is eliminated from the nucleus at the time of chromatin reorganization. The data do not allow us to decide whether the RNA is destroyed at this time or transferred to the cytoplasm, but the latter is more likely in view of the evidence' 11-13 from other cell types for continuous, substantial transfer from the nucleus to the cytoplasm. If the loss at the leading edge of the band is the result of transfer, then it is much more rapid and complete than elsewhere in the nucleus. RNA in other regions retains activity for a considerable time after labeled precursors are no longer available for the new synthesis. The present data suggest that RNA is lost from the region outside the band but at a lower rate. In any case, with each cycle of DNA replication the nuclear RNA undergoes complete replacement.
The pulse experiment (labeling followed by incubation in nonradioactive medium) indicates that RNA or even breakdown products of it enter the nucleus from the cytoplasm at a very low rate if at all. This follows from the observation that the exhaustion of labeled precursors is followed by a build-up of nonradioactive RNA behind the bands even though the cytoplasm is very heavily labeled.
Protein synthesis occurs in all regions of the nucleus except, perhaps, in the forward zone. There appears to be some sort of change in the proteins in the forward zones, however, since these stain more heavily with certain dyes. This could be a consequence of the change in aggregation of the chromatin or the loss of RNA. The heavy incorporation of histidine in or slightly behind the zone of DNA synthesis may well be the result of newly formed chromosomal protein, especially basic proteins rich in this amino acid. This conclusion is supported by the circumstance that histidine incorporation is high only in the region of thymidine incorporation whereas RNA synthesis, and presumably any concomitant protein synthesis, proceed at uniform rates throughout the regions outside the bands. The work of Alfert,'4 Gall,7 and Bloch and Godman15 suggests the simultaneous synthesis of basic protein and DNA. Since RNA synthesis is not resumed in the Euplotes nucleus until chromatin protein has been synthesized, it is possible that this protein may have some role in permitting the release of information from DNA.
The 
